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(54) X-RAY IIMAGE SENSOR 



(57) This apparatus comprises a scintillator sub- 
strate 1 constituted by an X-ray-transparent substrate 
1a and a scintillator 1b The scintillator lb is in contact 
with the imaging plane of a solid-state Imaging device 
2. The solid-state imaging device 2 and a frame 4 are 
secured onto a base plate 3. The frame 4 has a posi- 
tioning portion 4a In contact with a side face of the sub- 
strate 1 , so as to protect the bonding wire 5 positioned 



thereunder while positioning and supporting the sub- 
strate 1 abutting thereagainst. The frame 4 Is made of 
a metal, and is further provided with a shield member 7, 
so as to restrain X-rays from entering a bonding wire 5 
and the like. The substrate la is set relatively thin, 
whereby its X-ray transmissivity improves, though sub- 
strate bent occurs in this case. Since the elastic body 9 
presses the substrate 1 , the bent of the substrate 1 a is 
corrected. 



CM 

CO 
CM 



Fig,1 



8 



7 4a 10 2 \^ ''.^ 9 [ 10 4a 4b 




Q. 
Ul 



Printed by Jouve, 75001 PARIS (FR) 



1 



EP 1 253 442 A1 



2 



Description 
Technical Field 

[0001] The present invention relates to an X-ray im- 
age detection apparatus. 

Background Art 

[0002] Conventional X-ray image detection apparatus 
are disclosed in Japanese Patent Application Laid- 
Open No. SHO 60-234645 and Japanese Patent Appli- 
cation Laid-open No. HEI 5-242841. In the former a 
scintillator is evaporated on an X-ray-shielding FOP (fib- 
er optic plate) and bonds thus fonned assembly onto a 
solid-state imaging device, whereas in the latter, a scin- 
tillator is evaporated directly on a solid-state imaging de- 
vice. 

Disclosure of the Invention 

[0003] However, there are cases where shadows are 
formed by bubbles within an adhesive in the former ap- 
paratus, whereas there Is a possibility of image quality 
deteriorating in the latter since the solid-state imaging 
device is placed in an environment for fomning the scin- 
tillator. In order to overcome such problems, it is an ob- 
ject of the present invention to provide an X-ray image 
detection apparatus which can yield favorable X-ray im- 
ages. 

[0004] For overcoming the above-mentioned prob- 
lems, this X-ray image detection apparatus comprises 
a scintillator substrate having a scintillator evaporated 
on an X-ray-transparent substrate; a solid-state imaging 
device having an imaging plane on which the scintillator 
is disposed; a mount substrate, formed with a lead for 
inputting an output signal from the solid-state imaging 
device, for securing the solid-state imaging device; a 
frame, secured onto the mount substrate so as to sur- 
round the solid-state imaging device, having a position- 
ing portion projecting toward the scintillator substrate 
such that at least a part thereof abuts against the scin- 
tillator substrate; and a bonding wire, positioned within 
a space between the positioning portion and the mount 
substrate, for connecting the solid-state imaging device 
and the lead to each other. 

[0005] An X-ray image transmitted through the X-ray- 
transparent substrate is converted by the scintillator 
formed thereon into a visible image. This visible image 
is made directly incident on the imaging plane of the sol- 
id-state imaging device, whereas video signals of the 
visible image outputted from the solid-state imaging de- 
vice are outputted to the lead formed on the mount sub- 
strate by way of the bonding wire protected by the po- 
sitioning portion. Therefore, X-ray images with a favo- 
rable quality can be obtained in this apparatus. 
[0006] In particular, the positioning portion of the 
frame protects the bonding wire positioned thereunder 



while positioning and supporting the scintillator sub- 
strate abutting thereagainst, whereby it is not necessary 
for the solid-state imaging device to be bonded with an 
adhesive which may incorporate bubbles therein. When 
5 the frame is made of a metal, it improves a shield effect 
for restraining X-rays from entering the readout section 
of the solid-state imaging device, bonding wires, bond- 
ing pads, and the like. When the shield factor is insuffi- 
cient, it is desirable that the positioning portion of the 
10 frame be further provided with a shield member made 
of an X-ray-shielding material on a side opposite from 
the bonding wire, so as to block the X-rays. 
[0007] Though at least a part of the positioning portion 
abuts against the scintillator substrate, the scintillator 
substrate will be positioned if two sides of the periphery 
of the scintillator substrate are pressed against two inner 
sides of the positioning portion in cases where the inside 
of the positioning portion is rectangular (e.g., square) 
while the periphery of the scintillator substrate is rectan- 
gular (e.g., square), whereby it is not necessary for both 
of them to be in contact with each other at all of the four 
sides. 

[0008] Though there are cases where the scintillator 
substrate is not secured in particular when the mount 
substrate is used with its surface being oriented hori- 
zontal. It is preferably secured. Namely, it is preferred 
that the apparatus further comprise a press plate se- 
cured to the frame so as to close an opening of the 
frame, and an elastic body interposed between the 
press plate and the scintillator substrate, the elastic 
body pressing the scintillator substrate toward the solid- 
state Imaging device. 

[0009] In this case, the scintillator substrate is 
pressed toward the solid-state imaging device while be- 
ing secured by the press plate and the elastic body, so 
as to contact the scintillator substrate with the solid- 
state Imaging device, whereby X-ray images with a bet- 
ter quality can be obtained. When X-rays are soft X-rays 
in particular, the substrate is set relatively thin in order 
to improve the X-ray transmissivity of the X-ray-trans- 
parent substrate even slightly. When the substrate is 
thin, however, it may be bent, thereby deteriorating im- 
ages. Since the contact is enhanced by pressing in the 
apparatus as mentioned above, the bent of the sub- 
strate is corrected, whereby images with a better quality 
can be obtained. 

[0010] Even in cases where no elastic body is used, 
the contact of the scintillator substrate and the solid- 
state imaging device can be improved when the appa- 
ratus comprises a press plated secured to the frame so 
as to close the opening of the frame whereas the thick- 
ness of the scintillator substrate is set such that the X- 
ray-trans parent substrate comes into contact with the 
press plate, whereby images with a favorable quality 
can be obtained as in the above. 
[0011] Whether the contact improving technique 
mentioned above is used or not, it is desirable that the 
positioning portion and the scintillator substrate be 
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bonded together. In this case, the bonding further en- 
hances the positioning of the scintillator substrate, and 
makes it unnecessary to use an adhesive between the 
scintillator substrate and the imaging plane of the solid- 
state imaging device, whereby shadows due to bubbles 5 
. can be prevented. 
[0012] Such a bonding technique can also be carried 
out without using a press plate, so that the surface of 
the X-ray-transparent substrate on the side opposite 
from the scintillator can be exposed as well. This can 
improve the X-ray incidence to the scintillator. 
[0013] Also, it is preferred that the scintillator be coat- 
ed with a resin film. This improves the moisture resist- 
ance of the scintillator. The resin film may be either a 
single layer or multilayer. When it is a single layer, it can 
suppress the attenuation factor of visible light images 
generated in the scintillator When compared with the 
multilayer coating, however, its moisture resistance is 
inferior. When the above-mentioned bonding technique 
is used, the adhesive applied to the positioning portion 
also exhibits a moisture-proofing effect in the space 
where the scintillator is installed, whereby the use of a 
single layer coating of resin film not only suppresses the 
attenuation factor of visible light images but also im- 
proves the moisture resistance. 
[0014] Preferably, the X-ray-transparent substrate is 
made of X-ray-transparent glass or amorphous carbon, 
the scintillator is made of Csl having a columnar crystal, 
and the resin film is made of polyparaxylylene. 
[0015] When carrying out X-ray imaging with a large 
area, it is preferred that the solid-state imaging device 
be constituted by a plurality of semiconductor imaging 
device chips. While the bubbles may be remarlcably 
formed when the imaging plane is coated with an adhe- 
sive as conventionally effected in such a case, the ap- 
paratus can securely restrain this phenomenon from oc- 
curring. 

[001 6] When a plurality of semiconductor imaging de- 
vice chips 2* are pressed by a mass of elastic body to- 
ward the mount substrate 3 such that all the imaging 
planes of a plurality of semiconductor imaging device 
chips 2' are positioned within a single plane in particular, 
the effect mentioned above can be made remarkable, 
and the distortion of images to be captured can be re- 
duced. 

Brief Description of the Drawings 
[0017] 

Fig. 1 is a vertical sectional view of the X-ray image 
detection apparatus in accordance with a first em- 
bodiment; 

Fig. 2 is a vertical sectional view of the X-ray image 
detection apparatus in accordance with a second 

embodiment; 

Fig. 3 is a vertical sectional view of the X-ray image 
detection apparatus in accordance with a third em- 



bodiment; 

Fig. 4 is a vertical sectional view of the X-ray image 
detection apparatus in accordance with afourth em- 
bodiment; 

Fig. 5 is a vertical sectional view of the X-ray image 
detection apparatus in accordance with a fifth em- 
bodiment; and 

Fig. 6 is a perspective view showing the X-ray im- 
age detection apparatus in accordance with a sixth 
embodiment in an exploded state. 

Best Modes for Carrying Out the Invention 

[0018] In the following, embodiments of the X-ray im- 
age detection apparatus in accordance with the present 
invention will be explained. Here, constituents identical 
to each other will be referred to with numerals identical 
to each other without repeating their overlapping expla- 
nations. 

First Embodiment 

[001 9] Fig. 1 is a vertical sectional view of the X-ray 
image detection apparatus in accordance with the first 
embodiment. This apparatus comprises a scintillator 
substrate 1 having a scintillator 1 b on a surface of an X- 
ray-transparent substrate 1a. Also, this apparatus com- 
prises a solid-state imaging device 2 having an imaging 
plane on which the scmtiilator 1 b is disposed. The scin- 
tillator 1 b is in contact with the imaging plane. When the 
scintillator 1 b is coated with a resin film, the latter comes 
into contact with the imaging plane. Though the solid- 
state imaging device 2 may be constituted by a CCD 
image sensor, it is a MOS type image sensor In this ex- 
ample. 

[0020] The solid-state imaging device 2 is secured on- 
to the mount substrate 3. The surface of the mount sub- 
strate 3 is formed with a lead 3a for inputting output sig- 
nals from the solid-state imaging device 2. 
[0021] The apparatus further comprises a frame 4 se- 
cured onto the mount substrate 3 so as to surround the 
solid-state imaging device 2 . The frame 4 has a posi- 
tioning portion 4a projecting toward the scintillator sub- 
strate 1 so as to abut against the scintillator substrate 
1. The scintillator substrate 1 has a rectangular or 
square form. The positioning portion 4a surrounds four 
side faces of the scintillator substrate 1 , so as to come 
into contact therewith. 

[0022] Though at least a part of the positioning portion 
4a abuts against the scintillator substrate 1 , the scintil- 
lator substrate 1 will be positioned if two sides of the 
periphery of the scintillator substrate 1 are pressed 
against two inner sides of the positioning portion 4a In 
cases where inside periphery of the positioning portion 
4a is rectangular (e.g., square) while the periphery of 
the scintillator substrate 1 is rectangular (e.g., square), 
whereby it is not necessary for both of them to be in 
contact with each other at all of four sides. 
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[0023] A space S is formed between the positioning 
portion 4a and the mount substrate 3. Positioned within 
the space S are a readout section of the solid-state im- 
aging device 2, a bonding pad portion connecting with 
the lead 3a on the mount 3, and a bonding wire 5 for 
connecting the solid-state imaging device 2 and the lead 
3a to each other. A connector 6 for inputting driving sig- 
nals for driving the solid-state imaging device 2 and 
reading out output signals Is attached to the mount sub- 
strate 3 on the back side. 

[0024] In this apparatus, X-rays are incident on the 
scintillator 1b in a direction through the X-ray-transpar- 
ent substrate 1a. An X-ray image transmitted through 
the X-ray-transparent substrate 1 a Is converted by the 
scintillator 1 b fomned thereon into a visible image, which 
is directly incident on the Imaging plane of the solid-state 
imaging device 2, whereas video signals of the visible 
image outputted from the solid-state Imaging device 2 
are fed into the lead 3a fomned on the mount substrate 
3 by way of the bonding wire 5 protected by the posi- 
tioning portion 4a. Disposed on the mount substrate 3 
are a driving circuit for driving the solid-state Imaging 
device 2, and an amplifier for receiving a video signal 
outputted from the solid-state Imaging device 3 by way 
of the lead 3a and amplifying thus received video signal. 
This video signal is outputted as an X-ray image from 
the connector 6. 

[0025] In this apparatus, the positioning portion 4a of 
the frame 4 protects the bonding wire 5 positioned there- 
under, while positioning and supporting the scintillator 
substrate 1 in contact therewith, whereby it is not nec- 
essary for the solid-state imaging device 2 to be bonded 
with an adhesive which may incorporate bubbles there- 
in. When the frame 4 is made of a metal, it improves a 
shield effect for restraining the X-rays from entering the 
readout section of the solid-state imaging device 2, the 
bonding wire 5, bonding pads, and the like. In this ex- 
ample, the positioning portion 4a of the frame 4 is further 
provided with a shield member 7 made of an X-ray- 
shieldtng material on a side opposite from the bonding 
wire 5, so as to fully block the X-rays. Here, the shield 
member 7 is made of lead. 

[0026] The scintillator substrate 1 is secured to the 
mount substrate 3. Namely, the apparatus comprises a 
press plate 8 secured to the frame 4 so as to close the 
opening of the frame 4, and an elastic body 9 interposed 
between the press plate 8 and the scintillator substrate 
1, whereas the elastic body 9 presses the scintillator 
substrate 1 toward the solid-state imaging device 2. In 
this example, the elastic body is constituted by a sponge 
made of urethane or the like. 

[0027] In this case, the scintillator substrate 1 is 
pressed toward the solid-state imaging device 2 while 
being secured to the mount substrate 3 by the press 
plate 8 and the elastic body 9, whereby the contact of 
the scintillator substrate 1 to the solid-state imaging de- 
vice 2 can be enhanced, so as to yield X-ray images 
with abetter quality. In particular, while the substrate 1 a 



is set relatively thin when Incident X-rays are soft X-rays 
In order to improve the X-ray transmisslvity of the X-ray- 
transparent substrate, the substrate la may be bent 
when the substrate 1a is thin, thereby causing images 
5 to deteriorate. Since the contact is enhanced by press- 
ing as mentioned above, the apparatus can correct the 
bent of the substrate, thereby yielding Images with a bet- 
ter quality. 

[0028] The positioning portion 4a and the scintillator 
10 substrate 1 are bonded to each other with an adhesive 
1 0. In this case, the bonding further strengthens the po- 
sitioning of the scintillator substrate 1 , and makes it un- 
necessary to use the adhesive between the scintillator 
substrate 1 and the imaging plane of the solid-state Im- 
is aging device 2, whereby shadows due to bubbles can 
be prevented. 

[0029] The scintillator 1 b is coated with a resin film 1 c. 
This improves the moisture resistance of the scintillator 
1 b. The resin film 1 c may be either a single layer or mul- 
20 tilayer. When it is a single layer, it can suppress the at- 
tenuation factor of visible light images generated in the 
scintillator lb. When compared with the multilayer coat- 
ing, however, the single layer is Inferior in the moisture 
resistance. When the above-mentioned bonding tech- 
25 nique is used, the adhesive 1 0 applied to the positioning 
portion 4a also exhibits a moisture-proofing effect in the 
space where the scintillator is installed, whereby the use 
of a single layer coating of resin film not only suppresses 
the attenuation factor of visible light images but also im- 
30 proves the moisture resistance. 

[0030] In this example, the X-ray-transparent sub- 
strate la is made of X-ray-transparent glass or amor- 
phous carbon, the scintillator lb is made of Csl having 
a columnar crystal, and the resin film is made of 
35 polyparaxylylene, so that a visible light image with a high 
resolution can be obtained while improving the trans- 
misslvity of X-rays, and this visible light image can be 
made incident on the solid-state imaging device 2 with 
a low attenuation factor. 
40 [0031] In this apparatus, the shieldmember 7 also 
constitutes a positioning portion, whereas the upper 
face of the scintillator substrate 1 is set lower than the 
upper face of the positioning portion 4a of the frame 4. 
On the other hand, a positioning portion 4b for position- 
45 jng the press plate is provided at the opening end of the 
frame 4. While the press plate 8 fits in the step of the 
positioning portion 4b, the lower face of the press plate 
8 abuts against the upper faces of the shield member 7 
and the positioning portion 4a on the right side in the 
50 drawing, whereas the press plate 8 is secured to the 
frame 4 with an adhesive Interposed therebetween. 

Second Embodiment 

55 [0032] Fig. 2 is a vertical sectional view of the X-ray 
Image detection apparatus in accordance with the sec- 
ond embodiment. The configuration of this example is 
identical to that of the first embodiment except that the 
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elastic body 9 used in the apparatus of the first embod- 
iment is not provided. Namely, the thickness of the scin- 
tillator substrate 1 is set such that the X-ray-transparent 
substrate 1 a comes into contact with the press plate 8, 
thereby improving the adhesion of the scintillator sub- 
strate 1 to the solid-state imaging device 2. Images hav- 
ing a favorable quality can also be obtained in this case 
as in the case mentioned above. In this apparatus, the 
shield member 7 also constitutes a positioning portion, 
whereas the upper face of the positioning portion 4a of 
the frame 4 is located as high as the upper face of the 
scintillator substrate 1 . 

Third Embodiment 

[0033] Fig. 3 is a vertical sectional view of the X-ray 
image detection apparatus in accordance with the third 
embodiment. This example has a configuration identical 
to that of the second embodiment except that the press 
plate 8 in the second embodiment is omitted by using 
the above-mentioned adhesive 10. Namely, the surface 
of the X-ray-transparent substrate 1a on the side oppo- 
site from the scintillator 1 b is exposed. Since the press 
plate 8 is omitted, the X-ray incidence rate to the scin- 
tillator 1 b can be improved as compared with that In the 
second embodiment. 

Fourth Embodiment 

[0034] Fig. 4 is a vertical sectional view of the X-ray 
image detection apparatus in accordance with the fourth 
embodiment. This example has a configuration identical 
to that of the third embodiment except that the upper 
face of the scintillator substrate 1 is set higher than the 
upper face of the positioning portion 4a of the frame 4. 
Since the substrate 1 a proprudes slightly above the po- 
sitioning portion 4a In this example, the scintillator sub- 
strate 1 can be inserted into the opening of the frame 4 
while keeping the projecting part during the manufac- 
ture. 

Fifth Embodiment 

[0035] Fig. 5 is a vertical sectional view of the X-ray 
image detection apparatus in accordance with the fifth 
embodiment. In this apparatus, the solid-state imaging 
device 2 is not constituted by a single semiconductor 
solid-state imaging device chip, but a plurality of semi- 
conductor solid-state imaging device chips 2' arranged 
adjacent each other Into a plane. Except for this point, 
the apparatus has a configuration identical to that of the 
first embodiment. When carrying out X-ray imaging with 
a large area, the bubbles may be remarkably formed If 
the imaging plane is coated with an adhesive as con- 
ventionally effected. The apparatus can securely re- 
strain this phenomenon from occurring. 
[0038] In this example, in particular, a plurality of sem- 
iconductor solid-state imaging device chips 2' are 



pressed toward the mount substrate 3 by a mass of elas- 
tic body 9 such that all the imaging planes of the semi- 
conductor solid-state imaging device chips 2' are posi- 
tioned within the same plane, whereby the effect men- 
5 tioned above is made remarkable, and the distortion of 
captured images can be reduced. 
[0037] The solid-state imaging device 2 constituted by 
a plurality of semiconductor solid-state Imaging device 
chips 2* can also be employed in the apparatus of the 
second to fourth embodiments. 

Sixth Embodiment 

[0038] Fig. 6 is a perspective view showing the X-ray 
image detection apparatus in accordance with a sixth 
embodiment in an exploded state. In this embodiment, 
one of the X-ray image detection apparatus in accord- 
ance with the first to fifth embodiments is accommodat- 
ed in a housing. This housing comprises a housing body 
HS|^ and an upper lid HSy adapted to mate therewith. 
The upper lid HSy is fomned with an X-ray entrance 
opening OP. This opening OP is closed with an X-ray- 
transparent flat sheet 11 attached to the inside of the 
upper lid HSy, which is preferably made of polycar- 
bonate or amorphous carbon. 

[0039] Disposed directly under the X-ray entrance 
opening OP is one of the X-ray image detection appa- 
ratus in accordance with the first to fifth embodiments, 
whereas an electronic circuit unit 1 2 Including driving cir- 
cuits for driving the solid-state imaging device 2, an am- 
plifier for amplifying video signals from the solid-state 
imaging device 2, and the like is provided on the back 
side of the mount substrates, whereas the power supply 
to these driving circuits, and the transmitting/receiving 
of control signals, video signals, and the like are carried 
out by way of a plurality of connectors provided in a side 
face of the housing. Spacers and stays ST are inter- 
posed between the mount substrate 3 and the bottom 
face of the housing, so as to secure a space in which 
the electronic circuit unit 12 is disposed. Since the de- 
vices are accommodated in the housing, this apparatus 
protects the electronic circuit unit 12 and the like. 

Industrial Applicability 

[0040] The present invention can be utilized in X-ray 
image detection apparatus. 



Claims 

1 . An X-ray image detection apparatus comprising: 

a scintillator substrate having a scintillator 
formed on an X-ray-transparent substrate; 
a solid-state imaging device having an Imaging 
plane on which said scintillator is disposed; 
a mount substrate, fomned with a lead for input- 
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ting an output signal fronn said solid-state infi- 
aging device, for securing said solid-state im- 
aging device; 

a frame, secured onto said mount substrate so 
as to surround said solid-state imaging device, s 
liaving a positioning portion projecting toward 
said scintillator substrate such that at least a 
part thereof abuts against said scintillator sub- 
strate; and 

a bonding wire, positioned within a space be- 
tween said positioning portion and said mount 
substrate, for connecting said solid-state imag- 
ing device and said lead to each other. 



2. An X-ray image detection apparatus according to is 
claim 1 , wherein said frame is made of a metal. 

3. An X-ray image detection apparatus according to 
claim 1 , wherein said positioning portion of said 
frame is further provided with a shield member 20 
made of an X-ray-shielding material on a side op- 
posite from said bonding wire. 

4. An X-ray image detection apparatus according to 
claim 1 , further comprising a press plate secured to 25 
said frame so as to close an opening of said frame, 
and an elastic body interposed between said press 
plate and said scintillator substrate, said elastic 
body pressing said scintillator substrate toward said 
solid-state imaging device. so 

5. An X-ray image detection apparatus according to 
claim 1 , further comprising a press plate secured to 
said frame so as to close an opening of said frame, 
said scintillator substrate having a thickness set 35 
such that said X-ray-transparent substrate comes 
Into contact with said press plate. 

6. An X-ray image detection apparatus according to 
claim 1, wherein said positioning portion and said 
scintillator substrate are bonded to each other. 

7. An X-ray image detection apparatus according to 
claim 6, wherein said X-ray-transparent substrate 
has an exposed surface on a side opposite from 45 
said scintillator. 

8. An X-ray image detection apparatus according to 
claim 1 , wherein said scintillator is coated with a res- 
in film. so 

9. An X-ray image detection apparatus according to 
claim 8, wherein said X-ray-transparent substrate 
is made of X-ray-transparent glass or amorphous 
carbon, said scintillator is made of Csl having a co- S5 
lumnar crystal, and said resin film is made of 
polyparaxylylene. 



10. An X-ray image detection apparatus according to 
claim 1, wherein said solid-state imaging device 
comprises a plurality of semiconductor solid-state 
Imaging device chips arranged. 

11. An X-ray image detection apparatus according to 
claim 1 0, wherein said plurality of semiconductor 
solid-state imaging device chips are pressed to- 
ward said mount substrate by a mass of elastic body 
such that all the imaging planes of said plurality of 
semiconductor solid-state imaging device chips are 
positioned within a single plane. 
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